A rare case is reported in which a symptomatic Rathke's cleft cyst was studied by light and electron microscopy and tissue culture. The findings are compared with those of a craniopharyngioma studied in the same way. The patient was a 26-year-old woman presenting with headache, chiasmatic syndrome, and hypopituitarism. A cyst containing a mural nodule was partially removed and an Ommaya reservoir placed in the operative site for further treatment. The cyst wall was composed of connective tissue and three kinds of epithelial cells: non-ciliated squamous, ciliated columnar, and mucous-secreting cells. The morphology of these cells in vitro was similar to prickle cells seen in craniopharyngioma and the epidermis. It is concluded that both Rathke's left cyst and craniopharyngioma originate in remnants of Rathke's pouch, but at times may show some histological differences.
I
T is widely believed that epithelial cysts found within the sella turcica are derived from remnants of Rathke's pouch. These are reported as Rathke's cleft cysts. 2,a's'a'8,~'12,laax Others, however, have described them as pituitary, 1,a8,t',2',s~ colloid) ~ or intrasellar epithelial cysts. ~a~ According to Gillman" and Shanklin, ~6a7 these cysts are found in 13% to 22% of normal pituitary glands between the pars anterior and the infundibular process. In general they are less than 3 mm in diameter and are usually clinically asymptomatic.
Occasionally, however, they cause sellar enlargement, hypopituitarism, chiasmatic syndrome, and other neurological symptoms (Table 1) . This paper describes a patient with a symptomatic Rathke's cleft cyst that was treated surgically. The cyst was studied by light and electron microscopy and by tissue culture; the findings are compared to those of a craniopharyngioma that was also studied with these techniques.
Case Report
A 26-year-old woman was admitted to Nagoya University Hospital complaining of visual field defects and amenorrhea. She had been in good health until 7 years before admission, when she had a sudden onset of headache with nausea, vomiting, clouding of consciousness, and abdominal pain. These symptoms usually lasted a week and recurred at monthly intervals. Amenorrhea was noted after the first of these episodes.
Examination. The skin was dry and pale.
Visual acuity was impaired bilaterally due to a bitemporal hemianopsia. Endocrinological study demonstrated hypopituitarism. There were no other general physical or neurological signs. The sella turcica measured 22 • 18 • 16 mm. Pneumoencephalography showed an upward shift of the third ventricle with a filling defect of the prechiasmatic cistern.
Operation. A right frontal craniotomy was performed. The suprasellar region was exposed. The diaphragma sellae was bulging out into the prechiasmatic region and both optic nerves were displaced laterally by a cystic mass with a whitish-gray appearance. About 3 ml of white mucous material was aspirated from it. In the wall of the cyst, a small tumor nodule 3 to 5 mm in diameter was found and removed with curettes. After partial removal of the wall of the cyst and nodule, a silicone tube was inserted into the remaining cavity. This tube was connected with an Ommaya reservoir placed in the temporal subcutaneous space.
Postoperative Course. The patient's visual acuity and visual field defects improved considerably. She was almost symptom-free for about 1 year, when she again developed headache, clouding of consciousness, and polydypsia. These symptoms were relieved after aspiration of 1 ml of white mucous material through the Ommaya reservoir.
Microscopic Studies

Light Microscopy
Surgical material was fixed in 10% formalin, embedded in paraffin, and stained with H & E, PAS, and mucicarmine. The cyst wall was composed of three kinds of epithelial cells and a vascularized stroma of connective tissue. The inner lining was a single layer of columnar epithelium. Beneath this layer there were two to four layers of stratified squamous cells. In the columnar epithelium a group of cells with abundant cilia alternated with a group of goblet cells containing mucous secretions (Fig. 1 left) . The tumor nodule was composed of a single layer of ciliated columnar cells and multiple layers of stratified squamous epithelium (Fig. 1 right) .
Electron Microscopy
A portion of the tissue was fixed in 4% buffered glutaraldehyde and 1% osmic acid, and embedded in Epon 812. Ultrathin sec-tions were stained with uranyl acetate and lead citrate, and were studied with a Hitachi electron microscope.*
The columnar ciliated cells noted on light microscopy had many microvilli and abundant cilia with a central pair of tubular fibrils and nine outer pairs of tubular fibrils (9 + 2 doublets) (Fig. 2) . Apocrine section of some cells (goblet cells), also lining the lumen of the cyst, was also seen (Fig. 2) . These cells alternated with the ciliated cells. The other epithelial cells, which corresponded to stratified squamous cells seen on light microscopy, had irregular nuclei, well developed endoplasmic reticulum, and numerous tonofibrils in the cytoplasm (Fig.  3) . These squamous cells showed intercellular bridges between microvilli of adjacent cells. They also had numerous typical desmosomes. The microvilli and other outer surfaces were coated by an electron-dense material (Fig. 3 ).
Tissue Culture Study
Surgical material was washed with buffer salt solution and cut into 0.5 cu mm pieces. Aliquots of two fragments of tissue were explanted onto a coverslip previously coated with a gel of reconstituted rat-tail collagen, as described previously. 4 The cultures were fed a single drop of nutrient medium consisting of 50% Eagle's minimum essential medium, 25% horse serum, 25% Hank's BSS (balanced saline solution), and 600 mg% glucose. The cultures were incubated at 37 ~ C, and observed daily. Phase microscopy of culture cells taken 10 days after cultivation revealed that epithelial cells actively proliferated and emigrated from the explant (Fig. 4 left) . Ciliary movement was noted not only on explanted cells, but also on some migrating cells. At about 10 days after cultivation, macrocysts lined by epithelial cells gradually developed from the periphery of the explant (Fig. 4 right) . This was apparently the result of accumulation of mucous material and desquamated cells.
Electron microscopy of the cultured cells was carried out after fixation of 10-day tissue culture explants with 2.5% glutaraldehyde *Hitachi electron microscope manufactured by Hitachi Ltd., 5-1, 1 Chome, Marunouchi, Chiyoda-ku, Tokyo, Japan. and 1% osmic acid. All the culture cells were identified as prickle cells with microvilli and desmosomes. Within this group of prickle cells, some were ciliated and some were mucous cells (Fig. 5 left) . In the cytoplasm of other cells, numerous tonofibrils were observed (Fig. 5 right) . Keratohyaline granules were not seen. 
Craniopharyngioma Study
An in vitro tissue culture study of a craniopharyngioma removed from a 4-year-old boy was done for comparison with the Rathke's cleft cyst just described. The craniopharyngioma was of the "adamantinoma" type. Tissue culture showed epithelial cells proliferating and migrating actively from the explant by 24 hours after explantation. Microcyst formation was noted in the emigrating epithelial cells. This, however, occurred between squamous epithelial cells, not at the edge of the explant as in the Rathke's cleft cyst. Electron microscopy showed prickle cells with microvilli and desmosomes, similar to those described above (Fig. 6 ). In the cytoplasm, there were many bundles of tonofibrils and also electron-dense granules that were thought to be keratohyaline granules (Fig. 6) .
Discussion
Symptomatic Rathke's cleft cyst is a rare clinical occurrence. Goldzieher apparently described the first case in 1913.14 Since then 34 cases have been reported in the literature ( Table 1 ). The age distribution was from 4 to 72 years. Most cases, however, occur between 40 and 60 years. There were no significant sex *Abbreviations: nec = necropsy; surg = surgery; NR = not reported; s = suprasellar; i = intrasellar; sp = intrasphenoid; hypopit = hypopituitarism. Visual disturbance includes deteriorated vision, visual field defect, and diplopia.
differences. The intrasellar region was affected most often (26 cases). Diagnosis was made at autopsy in 15 cases and by surgical intervention and biopsy in 19 cases. The preoperative diagnosis was frequently that of chromophobe pituitary adenoma, because of the similarities in the clinical picture. The primary presenting complaints of symptomatic Rathke's cleft cyst were impairment of visual acuity and visual field defects, hypopituitarism, enlarged sella, and headache. Diabetes insipidus, diplopia, and dwarfism were also present in some cases. The histological findings in these 34 cases showed few variations. The cyst was composed of vascularized stroma of connective tissue and three kinds of epithelial cells; ciliated, nonciliated epithelial, and mucous-secreting cells. The non-ciliated cells appeared either as a single layer of flat cells or in the form of stratified columnar cells (Table 2) .
In a histological study of 100 human nor- mal pituitaries taken at autopsy, Shanklin ~6,27 described 22 "epithelial cysts." These were described as Rathke's cleft cysts. In these 100 pituitaries, 19 showed ciliated epithelium which was "frequently" accompanied by mucous cells. Some of these were included in his series of 22 cleft cysts. In this study ciliated epithelial and mucous-secreting cells in a pituitary which were also described by Rasmussen 2~ were taken as pathognomonic for Rathke's cleft cyst. In our case, the mural nodule and cyst wall showed stratified squamous epithelium, in addition to ciliated and mucous-secreting cells. Electron microscopy and tissue culture study of our case showed distinctively non-ciliated squamous, ciliated columnar and mucoussecreting cells. They were all identified in vitro as prickle cells with microvilli and desmosomes.
Some intermediate forms between goblet cells and non-ciliated squamous epithelium were also observed. This intermediate form was non-ciliated squamous epithelium with a small amount of secretion in the cytoplasm.
Rathke's cleft cyst is generally thought to originate from the remnants of Rathke's pouch, although some investigators 5,28 have suggested that it has a neuroepithelial origin. In fact, the histology of symptomatic Rathke's cleft cyst as described in many reports is similar to that of incidental Rathke's cleft. Electron microscopy of the present case showed the luminal surface of the non-ciliated cells to be coated by an electron-dense material. Similar material has also been d e m o n s t r a t e d in respiratory epithelium.lb Our tissue culture study demonstrated prickle cells with microvilli, desmosomes, and tonofibrils in both Rathke's cleft cyst and craniopharyngioma. In general, however, craniopharyngioma is a suprasellar cystic tumor containing machine-oil-like fluid whereas Rathke's cleft cyst is an intrasellar cyst containing white m u c o u s fluid. In craniopharyngioma, calcification and keratinization are frequently observed, whereas in Rathke's cleft cyst, there is no keratinization. In Rathke's cleft cyst mucous secretion and ciliated epithelium are seen, which are apparently absent in craniopharyngioma. Our study suggests that both craniopharyngioma and Rathke's cleft cyst have a common origin, remnants of Rathke's pouch (which is formed by the invagination of the stomodeum), but a different histological differentiation.
